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 Background
 Density as a Function of Conversion
— Uncatalyzed and catalyzed LECy
— Uncatalyzed and catalyzed SiMCy
— Catalyzed BADCy
 Water Uptake as a Function of Conversion
— Uncatalyzed SIMCy and LECy
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y Background

New methods of density measurement allow for 3x improvement in precision of
density determination (typical error ~0.001 g/cc) with greatly reduced effort

New methods of conversion measurement allow for a simialr 3x improvement in
precision (typical error now 0.01 — 0.02 or better across a broad range of
conversion)

Improved methods allow for quantitative investigation of issues that previously
could only be addressed through qualitative studies

Qualitatively, it is known that cyanate ester networks decrease in density as
conversion increases, and that moisture uptake increases as conversion
iIncreases at conversions greater than 0.8

It is speculated that the lower densities allow for greater free volume, which can
accommodate more water in micro-voids within the network

Quantitative studies can help to confirm or refute this model, as well as test
applicability to different types of cyanate ester networks (flexible vs. rigid
backbones), along with differences between catalyzed and uncatalyzed
networks.
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H3C CH3 MW
NCOOCN Gimel)
"BADCy" BADCy  278.3
G A LECy 264.3
NCOOCN SiMCy 204 4
“LECy”  LECy is slightly smaller and more
HsC  CHa flexible than BADCy due to the
\_/ missing methyl group
NCO@S'OOCN e SiMCy is slightly larger than BADCy
due to the longer Si-C bonds, but also
“SiMCy” more flexible

« Density determination method: measure specific gravity by immersion in
ethanol and air (Mettler-Toledo balance with specific gravity kit added).

« Conversions and Tg values were measured by DSC using a heating rate of 10
°C / min, with two scans to 350 °C for “as cured” and “fully cured” values,
respectively.
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Catalyzed BADCy Data
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« Catalyzed BADCYy, Density vs. Conversion
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Catalyzed BADCy Data
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o Catalyzed BADCYy, Tg vs. Conversion; follows diBenedetto equation
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Uncatalyzed LECy Data
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 Uncatalyzed LECy, Density vs. Cure Temperature
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Uncatalyzed LECy Data
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 Uncatalyzed LECy, Density vs. Conversion
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Uncatalyzed LECy Data
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 Uncatalyzed LECy, Tg vs. Conversion; follows diBenedetto equation
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Uncatalyzed LECy Data
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N7 Catalyzed SIMCy Data
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o Catalyzed SIMCy, Tg vs. Conversion, with fitted diBenedetto
equation shown
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Summary

« As expected, higher cure temperatures lead to higher conversions due to
vitrification effects

« Density vs. conversion data show a remarkably linear dependence across a broad
range of conversions. At a given conversion, the trend BADCy > LECy > SiMCly,
and the negative effect of catalyst inclusion on density, are all confirmed.

« Tg vs. conversion data follow the diBenedetto equation as expected, with the
plasticizing effect of catalyst inclusion clearly distinguishable.

o Water uptake vs. conversion shows clear non-linear behavior and is not directly
related to density. Water uptake may be influenced by both the loss in density and
the formation of hydrophilic side products at higher cure temperatures.

 The water uptake for SIMCy is lower than for BADCy at all conversions studied,
despite higher free volume in SIMCy, and similar increases in free volume with
conversion. SIMCy appears to have an intrinsically lower affinity for water uptake.
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